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Analysis Methods toward Brain-Machine Interfaces in Real Environments 
 
（論文内容の要旨） 
This thesis presents novel analysis methods for brain-machine interface (BMI) working in real 
environments. BMI has attracted much attention in biomedical engineering fields for its 
usefulness in assisting handicapped people and enhancing people’s lifestyles. Although the brain 
analysis has been the source of countless research contributions, it needs a lot more efforts for 
realizing practical applications of them to BMI working in real environments. This thesis consists 
of six chapters. 
 
Chapter 1 begins with the background and motivations of BMIs, and specifies three research 
problems of BMI with a particular interest in real-world applications; i.e., 1) low spatial 
resolution, 2) variability across subjects, and 3) low information-transfer rate (ITR). 
 
Chapter 2 surveys the background of BMIs: measurement modalities for recording the brain 
signals, and brain functions used in BMIs, with putting emphasis on portable brain measurement 
modalities like electroencephalography (EEG) and near-infrared spectroscopy (NIRS). 
 
Chapter 3 presents a solution to problem 1: a novel methodology in which the subjects’ mental 
states are decoded from cortical currents estimated from EEG, with the help of information from 
NIRS. This method is effective for studying human brain activity at the cortical level with a 
higher spatial resolution than that of EEG sensors, with less contamination caused by EEG 
volume conduction effects. It is then effective and workable in non-laboratory, naturalistic 
conditions. The method was applied to a dataset of EEG and NIRS recordings during a newly-
proposed selective visual-spatial attention task from multiple subjects. Then the effectiveness of 
the method for analyzing multi-subjects’ EEG-NIRS data was confirmed. 
 
Chapter 4 presents a solution to problem 2: a novel methodology to robustly analyze multi-
subject brain activity with inherent variability across subjects. This method is based on the 
unsupervised signal processing technique of dictionary learning, which was extended to 
compensate for variations between subjects and sessions, and is effective for analyzing large- 
scale brain databases consisting of inherent variability across subjects. The method was applied to 
a dataset of EEG recordings from multiple subjects, then its effectiveness for analyzing multi-
subjects’ EEG data under inherent variability across subjects was confirmed. 
 
Chapter 5 describes a method of robot navigation for realizing a semi-autonomous BMI-
controlled wheelchair that is usable even by subjects who have relatively low ITR (i.e., problem 
3). The combination of BMI with robotics can provide a promising framework by complementing 
the limited decoding accuracy and ITR with external autonomous devices. The novel method is 
based on the extraction of robust 3D feature points from sequential vision images and odometry, 
and its effectiveness and robustness were confirmed through experiments conducted in real and 
even crowded environments. The novelty would contribute to the practical application of BMI to 
wheelchairs that is workable in real environments where people are moving around. 
 
 


















































  更に、試問の結果の要旨（例えば「平成 年 月 日論文内容とそれに関連した 
  口頭試問を行った結果合格と認めた。」）を付け加えること。 
 
Webでの即日公開を希望しない場合は、以下に公開可能とする日付を記入すること。 
要旨公開可能日：     年   月   日以降 
 
